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Siegfried Roth is Professor for
Developmental Biology at the
University of Cologne. He did his
Ph. D. with Christiane Nüsslein-
Volhard in Tübingen. For his
postdoctoral research he went to
the lab of Trudi Schüpbach at
Princeton University working on
the origin of polarity during
oogenesis in Drosophila.
Subsequently, he started his own
lab as a junior group leader at the
Max Planck Institute of
Developmental Biology in
Tübingen, and in 1998 moved to
the Institute of Developmental
Biology at the University of
Cologne. He has worked on
dorsoventral pattern formation in
Drosophila and on signalling
processes that polarize the egg
chamber during oogenesis. In
recent years, he has expanded his
work to the evolution of
dorsoventral axis formation in
insects. 
What turned you to biology? In
my last years at high school I was
lucky to have good biology and
chemistry courses and became
convinced that one had to study
chemistry to understand biology.
So I went to Tübingen, one of the
three places in Germany at the
time where one could study
biochemistry. Tübingen provided
an exiting intellectual
environment. My best friends
were in humanities and I also
signed up for philosophy. The
institute of biochemistry provided
a solid, though rather dull training
in organic and physiological
chemistry, with much focus on
medical aspects. The most
interesting things were happening
at the nearby Max Planck
Institutes. I heard about the
theoretical work on pattern
formation by Alfred Gierer and
Hans Meinhardt and did my
diploma thesis in Gierer’s group,
though not on a theoretical topic.
As a biochemistry student, one
had to do some real bench work,
so I spent a year studying
posttranslational modifications of
neural adhesion molecules. This
confirmed my suspicion that
descriptive biochemistry was not
the right thing for me. 
How did you get to Drosophila?
When I asked Gierer and
Meinhardt whether I could do my
Ph. D. on a theoretical topic they
both warned me about the small
number of positions available for
theoreticians and the bad
reputation theoretical biology still
had among most
experimentalists. They
recommended me to go into
Drosophila developmental
genetics, because they thought
this was a subject in which theory
and experimental work might
soon be combined in a fruitful
way. When I started in Nüsslein-
Volhard’s group, I had no clue
about genetics, which irritated her
a lot. Nevertheless, the work with
developmental mutants provided
the right balance between
concepts and experiments. I loved
to look at mutant phenotypes and
speculate on what they were
telling us about the system
properties of the affected
developmental processes. This is
still the case. 
Do you have a favourite paper?
There were two pairs of
publications at the top of my
reading list when I was a student
and they still influence my view of
biology. The first is Manfred
Eigen‘s 1971 paper ‘Self-
Organisation of Matter and the
Evolution of Biological
Macromolecules’
(Naturwissenschaften 58, 465) and
its sequel by Eigen and Schuster
‘The Hypercycle. A Principle of
Natural Self-Organisation’
(Spinger, 1979). I found these
papers were fascinating: they
presented an elaborated theory of
the origin of life and were at the
same time a formulation of
Darwinian principles in the
language of physical chemistry. 
The other pair was Gierer’s
1981 paper ‘Generation of
Biological Pattern and Form:
Some Physical, Mathematical and
Logical Aspects’ (Prog. Biophys.
Molec. Biol. 37, 1-47) and
Meinhardt’s book ‘Models of
Biological Pattern Formation’
(Academic Press, 1982). The first
of these deals, in addition to
pattern formation, with the
generation of tissue curvature and
real form. It ends with fine
remarks on philosophical issues,
such as the relation of
physicalism and biological form.
Meinhardt’s book, on the other
hand, distilled the logic behind all
major experimental findings in
developmental biology as far as
they concerned patterning. I felt
that it was a tremendous
achievement, and indeed it
contains insights which found
experimental verification only
much later — such as the
boundary model for imaginal disc
patterning. Although some of
Meinhardt’s book is now out-
dated, the general spirit of his
approach is as valid as it was 20
years ago and still influences my
teaching of developmental
biology. 
What is the best advice you
have been given? Despite my
interest in theory, the best advice
I have been given was not to go
into theory. Apart from not being
gifted enough to become a
successful theoretician, I would
never have understood the
complexities of biology had I
worked only with computers. It
took quite some time to get used
to the re-occurring
disappointment that nature does
not comply with our Gedanken
experiments and often operates in
an unforeseeably arcane way that
frequently evades theoretical
treatment. This experience still
frustrates me. But I have also
experienced the pleasure of
looking at embryos, figuring out
complex morphologies and
improving my skills of injecting or
dissecting embryos. All these
things I never would have
experienced as a theoretician.
What has been your biggest
mistake? My interest in system
properties has sometimes made
me reluctant to work out molecular
or biochemical details. Knowing
that a gene functions as a
morphogen, for example, seemed
to be sufficient. The next question
was where the spatial information
for the gradient comes from. I
underestimated the importance of
insights that can come from
knowing the precise molecular
interactions. Michael Levine’s work
has illustrated beautifully how far
such detailed studies can take you,
especially if one considers its
recent extension to genome-wide
searches using microarrays and
bioinformatics methods.
I also regret that I did not open
my mind earlier to questions of
cell biology. I could not imagine
how someone wanted to work on
mutants like stardust, crumbs,
bazooka, klarsicht or nullo. They
seemed to me either ugly or
boring. Analyses of these genes,
however, have led to some of the
most important advances in
developmental biology in recent
times. Although my group’s work
on egg chamber development has
pushed us into cell biology, I
sometimes still feel uneasy with
the problems we face there. The
genetics is much more
complicated and the phenotypes
more murky. Lewis Wolpert is
probably right, however, in saying
that most of the mechanisms that
guide the development of
multicellular organisms were
probably invented by the single
eukaryotic cell.
What is your favourite
conference? The EMBO
workshop on the Molecular and
Developmental Biology of
Drosophila, which is held in Crete
every other year. It has only about
a hundred participants. Everyone
has to give a talk and there is
plenty of time for discussions.
Do you have a scientific hero? I
admire Alfred Gierer, who has
made important contributions to
both experimental and theoretical
biology. I also like the way Gierer
has maintained an active interest
in the history and philosophy of
science, and published several
books on these topics. Of course
there are many who had a strong
impact on my attitude to science,
foremost among them Janni
Nüsslein-Volhard and Trudi
Schüpbach. 
What is your greatest ambition?
Having worked for a while on the
cellular processes linked to the
ontogenetic origin of the
dorsoventral polarity in
Drosophila, I am now most
interested in the question of the
evolutionary origin of the
dorsoventral patterning system in
insects. It would be very satisfying
to find an answer to the question
of why a signalling pathway used
in innate immunity — the Toll/NF-
κB pathway — was co-opted for
axis formation, and to determine
whether the germline–soma
signalling that is the basis of axis
formation in Drosophila is an
ancestral feature for insects or
other arthropods. With the advent
of RNA interference we can now
address these questions in diverse
species at the functional level.
But these are the immediate
questions. In the long run I would
like to have more time to read
about the history and philosophy
of biology. Since my university
days I never lost interest in these
topics and now I am teaching one
seminar every term on either
philosophical or ethical questions
of biology. There is always a
group of motivated students who
want to learn more about these
subjects. My greatest ambition is
to write a book on the philosophy
of biology in which the relation
between physics and biology
would be a central theme. 
What are the big questions? In
my own field, one of the most
interesting problems is the
relation between evolutionary
contingency and physical
necessity in the design of
developmental mechanisms.
There are no simple answers to
the question why a given pathway
was used for a particular
developmental process. If we
would know the evolutionary
history, would that also provide us
with a physical/chemical
explanation? For biology as a
whole there are clearly two main
questions, which will keep us
busy for many generations to
come: the origin of life and the
origin of consciousness. 
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Book review
The Prodigious
Pustule
Walter Gratzer
The Life and Death of Smallpox
— Ian and Jenifer Glynn (Profile
Books, London) 
ISBN 1861976089 
“The smallpox was always
present, filling the churchyards
with corpses, tormenting with
constant fears all whom it had
not yet stricken, leaving on those
whose lives it spared the hideous
traces of its power, turning the
babe into a changeling at which
the mother shuddered, and
making the eyes and cheeks of a
betrothed maiden objects of
horror to her lover”. Such was
Macaulay’s apocalyptic vision of
England in the seventeenth
century, when, according to
some accounts, only five in every
thousand escaped the disease,
and a quarter of all deaths were
attributed to its ravages. Most of
the population was pockmarked
and many had been blinded.
Bleeding, cupping, sweating and
purging were the generally
prescribed treatments, although
Ian and Jenifer Glynn, who have
compiled this wholly absorbing
and often chilling narrative of
smallpox through the centuries
— culminating in its eradication
and the spectre of its man-
engineered return — make
passing mention of crabs’ eyes,
oil of scorpions and “fifty live
millipedes in a glass of water
twice a day”. And in Ethiopia the
disease was contained by
burning habitations in which it
had taken root, and thrusting the
fleeing occupants back into the
flames.
Edward Jenner, the country
doctor and naturalist from
Gloucestershire, is of course the
pervading presence. Inoculation
with the cowpox was supposedly
mentioned in a Sanskrit
manuscript, but if so it passed
unnoticed in Europe. Variolation
with smallpox virus was another
matter: the practice of
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